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Sleep helps the consolidation of declarative memories in the laboratory, but the
pro-mnemonic effect of daytime naps in schools is yet to be fully characterized. While
a few studies indicate that sleep can indeed benefit school learning, it remains unclear
how best to use it. Here we set out to evaluate the influence of daytime naps on the
duration of declarative memories learned in school by students of 10–15 years old. A total
of 584 students from 6th grade were investigated. Students within a regular classroom
were exposed to a 15-min lecture on new declarative contents, absent from the standard
curriculum for this age group. The students were then randomly sorted into nap and
non-nap groups. Students in the nap group were conducted to a quiet room with mats,
received sleep masks and were invited to sleep. At the same time, students in the non-nap
group attended regular school classes given by their usual teacher (Experiment I), or
English classes given by another experimenter (Experiment II). These 2 versions of the
study differed in a number of ways. In Experiment I (n = 371), students were pre-tested
on lecture-related contents before the lecture, were invited to nap for up to 2 h, and after 1,
2, or 5 days received surprise tests with similar content but different wording and question
order. In Experiment II (n = 213), students were invited to nap for up to 50min (duration
of a regular class); surprise tests were applied immediately after the lecture, and repeated
after 5, 30, or 110 days. Experiment I showed a significant ∼10% gain in test scores for
both nap and non-nap groups 1 day after learning, in comparison with pre-test scores. This
gain was sustained in the nap group after 2 and 5 days, but in the non-nap group it decayed
completely after 5 days. In Experiment II, the nap group showed significantly higher scores
than the non-nap group at all times tested, thus precluding specific conclusions. The
results suggest that sleep can be used to enhance the duration of memory contents
learned in school.
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INTRODUCTION
There is an increasing interest in understanding the importance
of sleep for academic performance in children and adolescents.
The transition to adolescence comprises marked changes in sleep-
wake patterns and underlying physiological factors, including
typical behaviors such as delayed sleep phase syndrome (Gianotti
et al., 1992; Louzada and Menna-Barreto, 2003, 2004; Crowley
et al., 2007; Sousa et al., 2007; Beijamini and Louzada, 2012). In
particular, eveningness is associated with later bedtime and wake-
up time (especially on weekends), shorter time in bed during the
week, longer weekend time in bed, irregular sleep-wake schedule,
and subjective poor sleep (Crowley et al., 2007). Delayed phase
syndrome is associated with extrinsic and intrinsic factors, such
as electricity at home, technology and social context, as well as
a strong relationship with pubertal maturation during develop-
ment (Carskadon et al., 1993; Louzada andMenna-Barreto, 2003,
2004; Sousa et al., 2009). Together, delayed sleep phase syndrome,
sleep habits and early starting times for school are responsible
for promoting sleep deprivation in adolescents; and consequently,
increase daytime sleepiness, attention and emotional problems,
difficulties in memorization and concentration, and poor school
achievement (Gianotti et al., 1992; Sousa et al., 2007; Beijamini
and Louzada, 2012). This situation is not very different when
it comes to children, whose typical school times and extracur-
ricular activities reduce opportunities for daytime naps that are
common among preschoolers. Furthermore, inadequate sleep in
children has been related to attention deficits, irritability, emo-
tional fragility and frustration (Dahl, 1996; Belísio et al., 2010).
Changes in the sleep-wake cycle are thought to jeopardize school
learning in two ways: they reduce the capacity for new learning,
and impair the consolidation of what has already been learned
(Louzada et al., 2008).
Some studies suggest negative health effects of napping among
adults, such as a link to higher risk of diabetes, with different
nap durations having different effects on health (Fang et al.,
2013; Lucassen, 2013). On the other hand, multiple laboratory
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studies indicate that sleep enhances neural plasticity and incre-
ments learning and memory (Maquet, 2001; Stickgold, 2005;
Born et al., 2006; Walker and Stickgold, 2006; Ellenbogen et al.,
2009; Diekelmann and Born, 2010). Declarative memories are
specifically enhanced by slow wave sleep in both adults (Yaroush
et al., 1971; Fowler et al., 1973; Plihal and Born, 1997) and chil-
dren (Wilhelm et al., 2008; Prehn-Kristensen et al., 2009). Since
slow wave sleep comprises most part of daytime naps (Bes et al.,
1996), and declarative memories constitute the bulk of what is
learned in school, naps have great potential to benefit school
learning. In adults, daytime naps of 60–90min enhance percep-
tual learning nearly to the same extent as an 8 h period of night
time sleep (Mednick et al., 2003), and naps as short as 6min have
been reported to benefit declarativememory retention (Lahl et al.,
2008). In infants, naps have been shown to enhance language
learning (Gomez et al., 2006; Hupbach et al., 2009).
Despite the heightened interest on the cognitive role of naps,
the actual effectiveness of naps in school learning remains largely
unexplored. A recent study showed that school naps enhance
learning in preschoolers (Kurdziel et al., 2013), but no infor-
mation about adolescents is available. In the present study we
investigated whether post-learning daytime naps can benefit the
consolidation of declarative memories learned in school by ado-
lescents, with a focus on a potential effect on memory duration.
METHODS
SUBJECTS
A total of 584 volunteer students (10–15 years old, mean age 11.3)
from the 6th grade participated in the study, which involved 7
schools in the Brazilian city of Natal. The volunteers were healthy,
did not present sleep disturbances, and did not use medica-
tion that affects the sleep/wake cycle. Students that failed any of
those requirements were excluded from the analysis. The parents
or legal guardians of the students signed consent forms with a
description of the study procedures. The study was approved by
the Research and Ethics Committee of the Onofre Lopes Hospital
at the Federal University of Rio Grande do Norte (permit 336/09).
GENERAL EXPERIMENTAL DESIGN
Data collection took place entirely at school, without adjustment
for the amount of sleep obtained by each student at home. In the
morning (between 08:00 and 09:00) or in the afternoon (between
14:00 and 15:00) the students were exposed to a 15-min lecture on
“vision and memory,” a content that is typically unknown by the
age group studied, and is absent from the standard curriculum
of the 6th grade. The contents of the lecture were intention-
ally designed not to be relevant to the curriculum, thus avoiding
interference with memories acquired before or during the experi-
ment. The lecture was always presented by the same experimenter
(NL) as a fixed sequence of images plus text projected on a
screen. From a pedagogical point of view, the experimental lec-
tures were designed to be highly engaging to the students in
two ways: (i) the researcher (NL) always activated the students’
schemata and elicited their prior knowledge, so that they could
link it to the new input in an active fashion; (ii) the lecture was
technology-mediated (a video projector was used) and attrac-
tive (high-resolution images of high perceptual salience), a rare
practice in Brazilian public schools which may explain why the
students typically reacted with enthusiasm and sometimes eupho-
ria to the presence of the experimenter (NL). Immediately after
the lecture, the students were randomly sorted into nap and non-
nap groups. Students in the nap group were conducted to a quiet
room with mats, received sleep masks and were invited to sleep.
Students in the non-nap group proceeded to different interfer-
ing activities (see below). Finally, all the students were allowed
to return to their regular classroom activities (Figure 1). The
experimenter (NL) questioned subjects after their nap interval
on whether they had slept, and/or dreamed. However, due to the
degree of subjectivity and lack of reliability of this measure, these
data were not included in the analyses and we decided to place all
participants with access to sleep in the nap condition. Tests were
administered without prior notice to the students at the same
time of the lecture. Each student took two tests applied on differ-
ent days. We did not seek to determine whether students studied
the material at home, for we considered self-reporting too subjec-
tive. However, we took three measures to discourage the students
to look further into the topics: students were not allowed to take
notes during the lecture, the topics were off the curriculum, and
the students were not aware that the researchers would come back
days later to apply a test.
EXPERIMENT I
Students in the nap group were invited to nap for up to 2 h,
and students in the non-nap group received a regular school
class given by their regular teacher. A multiple-choice pre-test
(PT; Supplementary Material 1) for lecture-related knowledge
was applied immediately before the lecture, and a test compris-
ing similar content but different in wording and question order
was applied after 1, 2, or 5 days (T1, T2 and T5, respectively;
Supplementary Material 2; Figure 1A). Therefore, each student
was tested twice.
EXPERIMENT II
Students in the nap group were invited to nap for up to 50min,
which is the duration of a regular class period. The non-nap con-
dition consisted of two sub-groups of equal size: one attended
a regular English class given by their usual teacher; and another
participated in an English class with games given by another
experimenter (JW). A multiple-choice test was applied imme-
diately after the lecture (T0), and identical follow-up tests were
applied after 5, 30 or 110 days (T5, T30, or T110, respectively;
Figure 1B; Supplementary Material 2). Therefore, each student
was tested twice. Participants whose T0 scores were lower than
50% were discarded from the analysis.
STATISTICAL ANALYSES
Data from morning and afternoon tests were pooled. Significant
differences were assessed using ANOVA followed by two-tailed
Student’s t-tests. One-way ANOVAs were used to test, within each
contrast assessed (e.g., Experiment 2, T0 vs. T5) whether scores
were higher when lectures were followed by naps, in comparison
with waking activities. Two-Way ANOVAs were used to search
for interactions between sleep (nap vs. no-nap) and time of the
day (morning vs. afternoon) with regard to test scores, as well as
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FIGURE 1 | Experimental design. Students were exposed to a lecture on novel declarative contents, sorted to nap or not to nap, and subjected to surprise
tests after 1, 2, and 5 days. (A) Experiment I. (B) Experiment II. ∗Indicates significant differences with respect to the pre-test.
interactions between sleep (nap vs. no-nap) and time of testing
(T0, T5, and T30) with regard to memory deterioration.
RESULTS
A total of 371 students (mean age 11.5 years old) participated in
Experiment I. Figure 2 illustrates score gains for both the nap and
non-nap groups, calculated as the difference between post-class
(T1, T2 ou T5) and pre-class (PT) scores. Both groups showed a
significant gain in test scores from pre-test to T1: nap (11.7 ± 2.0,
mean % ± s.e.m., P < 0.0001) and non-nap (11.5 ± 2.0, mean %
± s.e.m., P < 0.0001). This gain was sustained in the nap group
for T2 (13.2 ± 3.1, mean % ± s.e.m., P < 0.0001) and T5 (11.1
± 3.9, mean % ± s.e.m., P = 0.016), but in the non-nap group it
halved at T2 (7.1± 2.8, mean%± s.e.m., P = 0.039) and decayed
completely at T5 (1.9 ± 3.3, mean % ± s.e.m., P = 0.568) in the
non-nap group.
A total of 213 students (mean age 11.0 years old) participated
in Experiment II. Figure 3 shows performance 5 days after class
(T5) in the three conditions: nap, non-nap with regular English
class, and non-nap with game class in English. Performance was
calculated as the ratio between the number of correct answers and
the total number of questions in the test. All the three groups
in Experiment II displayed a significant decrease in test scores
after 5 days (P = 0.006): 71.7 ± 2.2 (mean % ± s.e.m.) for the
nap group; 66.8 ± 2.3 (mean % ± s.e.m.) for the game class
group; and 65.3 ± 2.0 (mean % ± s.e.m.) for the regular class
group. A significant difference was found exclusively among the
nap and regular class groups (P = 0.044); however, T0 already
indicated a trend toward this difference between the two groups
(P = 0.055).
Figure 4 displays the performance of the groups assessed at
T0 and T30. As expected, the three groups displayed a signif-
icant decrease in test performance after 30 days (P < 0.0001):
59.1 ± 1.9 (mean % ± s.e.m.) for the nap group; 54.3 ± 2.2
(mean % ± s.e.m.) for the game class group; and 53.5 ± 2.4
FIGURE 2 | Experiment I—Gains in tests scores between pre- and
post-tests applied at 1, 2, or 5 days after learning. Nap (N = 191, black
bars) and non-nap (N = 180, gray bars) groups. Numbers in parenthesis
indicate N assessed at each post-test day. Asterisk for P < 0.05.
(mean % ± s.e.m.) for the regular class group. No significant
differences were found between the groups within each test day
(T0 and T30). However, T30 scores revealed a statistical trend
for higher performance in the nap group, in comparison with the
non-nap class group (P = 0.090).
Figure 5 shows the deterioration in performance, from T0
to T5 or T30. At T5, we found a decrease of 9.3 ± 2.3
(mean % ± s.e.m.) for the nap group; 9.0 ± 2.3 (mean % ±
s.e.m.) for the game class group; and 9.1 ± 2.6 (mean % ± s.e.m.)
for the regular class group. At T30, we found a decrease of 15.2
± 2.7 (mean % ± s.e.m.) for the nap group; 14.8 ± 2.4 (mean %
± s.e.m.) for the game class group; and 19.2 ± 2.4 (mean % ±
s.e.m.) for the regular class group. A two-way ANOVA detected
a significant effect of time (P = 0.0006) but no significant dif-
ference across the T0, T5 and T30 groups (P = 0.6296), nor a
significant interaction between time and groups (P = 0.6193).
At T110, no group showed significant differences from chance
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FIGURE 3 | Experiment II—Test performance immediately after the
lecture (T0), and 5 days later (T5). Nap (N = 32), non-nap groups for
game class (N = 41), and non-nap groups for regular class (N = 29).
FIGURE 4 | Experiment II—Test performance immediately after the
lecture (T0), and 30 days later (T30). Nap (N = 23), non-nap groups for
game class (N = 30), and non-nap groups for regular class (N = 27).
FIGURE 5 | Experiment II—Learning deterioration over time. Difference
in performance, from T0 to T5 or T30.
performance (N = 31 per group). Across all groups, there were
no significant differences in the time that students reported to
have slept in the night prior to the tests.
DISCUSSION
We investigated whether daytime naps can benefit declarative
learning by adolescents in the school setting. The results of
Experiment I suggest that the benefits of a nap taken immedi-
ately after school learning remain stable for at least 5 days after
the initial learning. These benefits cannot be attributed to puta-
tive attention deficits due to less sleep in the non-nap group, since
the surprise tests were always applied after at least one full night of
sleep. Therefore, the recently acquired memories must have been
positively impacted by the nap itself. The results suggest that the
lecture-related memories in the non-nap group were more frag-
ile than in the nap group, and a full night of sleep many hours
after learning was not enough to compensate for such fragility.
The results in Experiment II were inconclusive, because the differ-
ences between the nap and non-nap groups were already present
at T0, and did not change in proportion over time. While the
results of Experiment I indicate that daytime nap can be used to
enhance school learning, the results in Experiment II demand a
better controlled replication.
Experiments I and II were not designed to test the effect of
a single variable of interest, but rather represented two sepa-
rate attempts to assess the cognitive potential of naps in the
school setting, under quite different constraints. A major differ-
ence between the two experiments was the length of nap allowed.
While Experiment I targeted a 2 h interval, which provides ample
opportunity for napping and even for traversing a complete sleep-
wake cycle, Experiment II conformed to the standard 50min
per class that is the norm in Brazilian schools. Therefore, dif-
ferences in nap length may well account for the differences in
the results obtained from the two experiments. In that respect,
an important limitation of our study is the fact that the students
were not recorded with an actimeter or an electroencephalograph,
which would have provided quantitative information about sleep
amount and the relative contribution of different sleep stages.
In Experiment I, baseline (pre-lecture) knowledge was mea-
sured and then each student was subjected to a surprise post-
lecture test with highly overlapping content but shuffled options
for multiple responses (Supplementary Materials 1, 2). The ratio-
nale for this testing scheme was to avoid habituation to the same
stimuli, mimicking a pedagogic procedure often employed by
teachers to assess learning over time. The lack of testing imme-
diately after the lecture aimed to avoid a “testing effect” prior to
consolidation (Carrier and Pashler, 1992; Roediger and Karpicke,
2006). The design of Experiment II, in contrast with Experiment
I, assessed exactly the same information immediately post-lecture
and again after 5, 30 or 110 days, allowing for a direct mea-
surement of memory retention. Pre-testing was not performed
in this case to avoid a ceiling effect at T0. Neither experiment
measured knowledge acquisition specifically across the learn-
ing experience, making it impossible to determine whether new
learning occurred or not during the lecture. Yet, both designs
assessed the relationship between post-lecture sleep and mem-
ory retention, with reference to pre- and post-lecture levels, for
designs I and II respectively. Experiments I and II differed by
two variables with respect to testing, and additional experiments
would be necessary to determine the effects of testing immedi-
ately before or after the lecture, an aspect beyond the scope of this
work. Since 2009 we initiated several experiments related to those
described in this study, but most were botched due to the frequent
occurrence of teacher strikes in Brazilian schools. In Experiment
II, the group assessed after 110 days was originally intended to
be tested after 30 days, but a strike intervened. In that sense, the
design differences in Experiments I and II, without additional
experiments able to separately test all the variables involved, stem
from the tentative dynamics of classroom research in Brazil. The
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difficulties we faced likely apply to classroom research in most of
the developing world.
Data were collected both in the morning and in the after-
noon for practical reasons: In the Brazilian state of Rio Grande
do Norte, where the study was carried out, some schools offer 6th
grade classes in the morning but not in the afternoon and vice-
versa, because students stay in school only half a day. Although
this introduced an additional variable in the study, we found
no statistical interaction (P = 0.18) between time (morning and
afternoon) and condition (nap vs. no nap), in line with previously
published data showing equivalent sleepiness at 08:00 and 14:00
among Rio Grande do Norte adolescent students during school
days (Sousa et al., 2009). For this reasons, morning and afternoon
data were pooled.
It is important to note that sleep is also involved in forget-
ting (Rolls et al., 2013; Atherton et al., 2014; Oudiette et al.,
2014). The present study was specifically aimed at assessing the
role of sleep in memory retention, but it was not designed
to address forgetting. Studies which set out to investigate the
role of sleep in forgetting usually have a distinct paradigm,
i.e., they often cue participants in the encoding phase either to
remember or forget specific information after sleep. For instance,
Saletin et al. (2011) demonstrated that sleep, relative to time
spent in waking, can selectively enhance the recall for words
previously cued for remembering. In contrast, no such facilita-
tion was observed for items tagged for forgetting. In our study
the participants were not cued for remembering nor forgetting,
since they were not aware of the post-learning test. Therefore,
the issue of forgetting could not be directly addressed by our
research design.
Social jetlag plays a key role in the health and function-
ing of adolescents. Delaying the time of school onset for ado-
lescents and allowing them to nap between classes are rela-
tively easy implementations with potential to reduce classroom
sleepiness in a cost-effective manner, thus representing “low-
hanging fruits” in the application of neuroscience findings to
school education (Ribeiro and Stickgold, 2014; Sigman et al.,
2014). School learning is a complex cognitive endeavor, influ-
enced by a myriad of factors beyond physiology, such as the
teachers’ motivation to teach, the students’ intrinsic and extrin-
sic motivations to learn; the teacher’s level of education; the
degree of family support etc. Despite all this complexity, the
experiments reported here support the use of daytime naps
to enhance the duration of declarative contents learned in
school. One problem that needs to be addressed is that the
use of naps to benefit school learning would likely decrease
the time spent in classes undergoing formal exposure to novel
and old contents. To prevent a negative impact on school cur-
riculum, the time and amount of post-learning naps must be
optimized.
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